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Abstract—Horseshoe crabs (Tachypleus gigas) in local called Mimi are coastal animals belonging to the Limulidae family. The horseshoe 

crabs live at the bottom of calm coastal waters and river estuaries with sandy and muddy bottoms. The decrease in the population 

number of horseshoe crabs in nature could be caused by habitat degradation, including coastal abrasion, ecosystem damage, and the 

death of natural resources in the waters. This study aims to determine the correlation of environmental factors with the population of 

Horseshoe Crab (Tachypleus gigas) in Sedati waters, Sidoarjo District. This type of research was exploratory with data analysis using 

linear regression and simple correlation. Moreover, the sampling was carried out by purposive random sampling at predetermined 

points of the station in Sedati Waters, Sidoarjo District. The results show that the average density in October was 0.08 ind/m2, in 

November was 0.05 ind/m2, and in December was 0.05 ind/m2. Moreover, the correlation between the horseshoe crabs and water quality 

is noted in the current of 58%, transparency of 37%, and DO of 33%. Based on the results of this study, the environmental factors 

including transparency, currents, and DO have a strong correlation on the horseshoe crab population in Sedati waters, while pH, 

ammonia, carbon, and microfauna parameters have a quite influential effect on the population of horseshoe crabs. 
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I. INTRODUCTION

Horseshoe crabs (Tachypleus gigas) in Indonesia, 

especially on the island of Java, are commonly referred to as 

Mimi, coastal animals belonging to the Limulidae family. 

Currently, there are only four types of horseshoe crabs that 
can be found in the world [1]. Limulus polyphemus species are 

only found on the Atlantic coast of North America, and the 

three other types of horseshoe crabs are found in Asia, namely 

Tachypleus tridentatus, Tachypleus gigas, and 

Carcinoscorpius rotundicauda. However, the existence of 

these three species in Asia has been to be in deficit status [2]. 

Horseshoe crabs in Indonesia are considered primitive marine 

animals and are grouped into the category of vulnerable or 

rare animals  [3]. 

The decrease in the population number of horseshoe crabs 

in nature can be caused by habitat degradation, including 

coastal abrasion, ecosystem damage, and the death of natural 

resources in the waters. Moreover, the population decline can 

also be caused by intensive fishing by fishermen. Horseshoe 

crabs live at the bottom of calm coastal waters and river 

estuaries with sandy and muddy bottoms [4], [5]. Their spread 

in Indonesia includes the East Coast of North Sumatra, West 

Sumatra, Kalimantan, North Sulawesi, and the North Coast of 

Java. One of the waters that have sandy and muddy bottoms 

is Sedati Waters. This coastal area has the potential of marine 
resources in capture fisheries and pond fisheries [6], [7]. 

Although horseshoe crabs in Sedati waters are not specific 

to fishermen's catch, it is suspected that their population and 

size keep decreasing. The roots of the problem are in the form 

of food availability and environmental factors [8], [9]. Thus, 

this study will examine the correlation between the 

environmental factors and the population of horseshoe crabs 

(Tachypleus gigas) in Sedati waters, Sidoarjo, East Java. The 

environmental factors include current, temperature, 
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transparency, ammonia, degree of acidity (pH), dissolved 

oxygen (DO), salinity, and organic matter [10], [11]. 

II. MATERIAL AND METHOD 

A. Methodology 

This research was conducted from October to December 

2019. Sampling was carried out in Sedati waters, Sidoarjo 

District, East Java. The analysis of the population density of 

the horseshoe crabs was carried out at the Laboratory of 

Anatomy and Aquaculture, Faculty of Fisheries and Marine 

Affairs, Airlangga University, Surabaya. The analysis of 

seawater samples was carried out at the Laboratory of the 

Industrial Research and Standardization Agency 
(BARISTAND) Surabaya. The analysis of sediment texture 

was carried out at the Laboratory of Soil Mechanics, Faculty 

of Civil Engineering and Planning, Sepuluh Nopember 

Institute of Technology, Surabaya. Lastly, the analysis of 

organic matter was carried out at the Laboratory of Nutrition, 

Department of Health Nutrition, Faculty of Public Health, 

Airlangga University, Surabaya. 

The research equipment used included a GPS, boat, dredget 

net, Ekman dredge, refractometer, Secchi disk, DO meter, pH 

meter, thermometer, plankton net, plastic clip, water sampler, 

and coolbox. The research materials used during the study 
included samples of horseshoe crabs, water, and bottom 

sediments of Sedati waters, Sidoarjo District. 

B. Time and Location of Sampling 

Sampling in Sedati waters was carried out once a month 

from October to December 2019. The sampling location was 

determined using the purposive sampling method. Sampling 

consisted of two zones, with each zone having three stations. 

The determination of the sampling was based on the prior 

preliminary research by taking samples at several points 
which were suspected to be the habitats of horseshoe crabs. 

After obtaining the appropriate points, with the help of GPS 

(Global Positioning System), the points were marked so that 

the positions did not change during the sampling time. The 

coordinates of the sampling location for the sampling location 

map can be seen in Figure 1. 

 

 

Fig. 1  Map of sampling locations 

C. Sampling and Handling 

A sampling of horseshoe crabs and macrofauna was carried 

out using a dredged net that was pulled 200 meters away. 
Meanwhile, the collections of sediments, benthos, and 

microfauna at the bottom waters were carried out using an 

Ekman dredge at the same points as the horseshoe crab 

sampling. Moreover, the sampling of plankton was carried out 

using a plankton net. Afterward, each sample was labeled per 

point of sampling, and then the samples were stored in a 

coolbox that had been given ice cubes. 

D. Environmental Parameter Measurement 

The measurement of temperature was using a thermometer, 
the measurement of dissolved oxygen (DO) was done using a 

DO meter, the measurement of salinity was done using a 

refractometer, the measurement of PH was done using a pH 

meter, and the measurement of transparency was done using 

a Secchi disc. Moreover, the measurement of ammonia was 

done by taking water samples, which afterward were put in a 

labeled 1.5-liter sampler bottle to be later stored in a coolbox 

that had been given ice cubes. Following this, the water 

samples were taken to the Laboratory of the Industrial 

Research and Standardization Agency (BARISTAND) 

Surabaya. Meanwhile, organic matter measurement was 
carried out at the Laboratory of Nutrition, Department of 

Health Nutrition, Faculty of Public Health, Airlangga 

University, Surabaya. 

E. Analysis of the Population Density of Horseshoe Crabs 

Density is a measure of the size of the population in units 

of space or volume. In general, the size of the population is 

described by the number of individuals. Calculating the 

population density of the horseshoe crabs was done using the 

formula formulated by [12].  

F. Liniear Regression Analysis 

Regression analysis was used to determine the correlation 

between the density of horseshoe crabs (Tachypleus gigas) 

and the environmental parameters. According to Sun et al. 

[13], linear equations can explain regression analysis. 

G. Simple Correlation Analysis  

Correlation analysis is an analysis used to measure the 

strength of the correlation between two variables. The 

strength of the correlation between the two variables might 

indicate whether the correlation is strong, weak, or not strong 

and whether the form of the correlation is a positive linear or 

negative linear correlation [14]. The correlation coefficient 

formula, according to Müller et al. [15] and the criteria for the 

degree of relationship or the correlation coefficient (R) 

according to Serrà et al. [16]. 

III. RESULTS AND DISCUSSION 

A. Population Density of Horseshoe Crabs 

The results of data analysis on the average population 
density of horseshoe crabs (Tachypleus gigas) in Sedati 

waters during the study from October to December are 

presented in Table 1. Based on the study results, it is found 

that the average density of horseshoe crabs in Sedati waters 

(Table 1) in October was 0.08 ind/m2, in November was 0.05 

ind / m2, and in December was 0.05 ind/m2. This result is in 

accordance with Xie et al. [21] statement that the amount of 

horseshoe crab distribution is influenced by several factors, 

including uniform environmental conditions, eating habits, 
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and the ability to tolerate the availability of environmental 

resources. 

TABLE I 

THE RESULTS OF THE ANALYSIS OF THE AVERAGE POPULATION DENSITY 

DURING THE STUDY 

Moon 
Number 

 of Individuals 

The Average 

Horseshoe crab 

Population (ind/m2) 

October  16 0.08 ind/m2 

November  11 0.05 ind/m2 
December  11 0.05 ind/m2 

 

The number of horseshoe crabs in the B zone in October, 

November, and December was higher than in the A zone 

(Figure 2). This high number of horseshoe crabs in the B zone 

is due to the condition of the waters in the B zone, which is an 
open sea, having more supportive conditions in terms of water 

quality and nutrients compared to A zone, which is closer to 

the estuary, having a higher possibility to be polluted by 

human activities. Research by Meilana et al. [17] and 

Tanacredi et al. [18] regarding the distribution of horseshoe 

crabs in Balikpapan waters found that the number of 

horseshoe crabs in the open sea was 12 individuals, whose 

results were higher than the number of horseshoe crabs in the 

water near the estuary of only four individuals. 

 

 
Fig. 2  Graph of the population density of horseshoe crabs 

The relationship between the population density of 

horseshoe crabs and the temperature parameter has an R-value 
of 0.16, which is classified as having a very weak correlation 

and an R2 value of 0.026, which means that the temperature 

value affects the horseshoe crab population by 2.6%. The 

temperature value does not influence the population because 

the horseshoe crabs have a relatively wide temperature 

susceptibility to live in a range of low and high temperatures. 

According to research conducted by Rubiyanto [19], 

the tolerance range of horseshoe crabs to temperature ranges 

from 1.1 - 40 ° C, but at a low-temperature range of 9 °C, the 

horseshoe crabs tend to be inactive compared to at high 

temperatures [20]. The relationship between the population 

density of horseshoe crabs and the transparency parameter has 
an R-value of 0.61, which is classified as having a strong 

correlation and an R2 value of 0.372, which means that the 

transparency value affects the horseshoe crab population by 

37% (Figure 3). 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3  Linear regression graph of the relationship between horseshoe crab 

population density and environmental factors, a. transparency;  

b. temperature; c. pH; and d. Current. 

Transparency (cm) 
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The transparency value in the waters influences the density 

of the horseshoe crabs. The higher the transparency of the 

waters, the higher the level of oxygen, followed by an increase 

in the productivity in the waters [8], [21]. In Sedati waters, 

many horseshoe crabs are found at a transparency level of 

43.3 cm. This result is supported by the research of [19] 

regarding the study of the horseshoe crab population in 

Tungkal waters, where horseshoe crabs were found in the 

transparency range of 30-46 cm. 

The relationship between the population density of 

horseshoe crabs and the current parameter has an R-value 
(correlation coefficient) of 0.76, which means that it has a 

very strong correlation. Meanwhile, the value of R2 

(coefficient of determination) of current is 0.58, which means 

that the current has an effect on the horseshoe crab population 

of 58% (Figure 3). The highest density of horseshoe crabs in 

Sedati waters in October is in the B zone, which has a current 

value of 0.53 c/s. This value indicates that Sedati waters are 

included in the category of calm waters. A very strong 

correlation between current and the density of horseshoe crabs 

is because these animals are found mostly in calm waters. 

This is consistent with Aini et al. [3] and Wardiatno et al. [4], 
which states that horseshoe crabs are mostly found in calm 

waters. If the current in the waters is heavy, it can make it 

difficult for these organisms to adapt [11], [22]. 

The relationship of the population density of the horseshoe 

crabs in the waters and pH parameter has an R-value of 0.32, 

which is classified as having a moderate correlation. 

Meanwhile, the R2 value is 0.104, which means that the pH 

value (X) has an effect on the horseshoe crab population of 

10% (Figure 3). This moderate correlation can be seen in 

Sedati waters, where the B zone has a pH value of 8.3 and has 

the most catch in October. This is because the pH value of 
Sedati waters is still in the normal range and is still feasible 

for the survival of horseshoe crabs. 

The relationship between the population density of 

horseshoe crabs and the salinity parameter has an R-value of 

0.18, which means that the correlation is very weak, and an 

R2 value of 0.034, which means that the salinity value has an 

influence on the horseshoe crab population of 3.4%. The 

salinity value has a very weak correlation with the density of 

horseshoe crabs. Salinity is related to the balance of body 

fluids in organisms, but in horseshoe crabs it does not really 

have an effect on their density because they belong to 

hypersaline species, so they can live both in high and low 
salinity. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 4 Linear regression graph of the relationship between horseshoe crab 

population density and environmental factors, a. salinity; b. DO; c. ammonia; 

and d. carbon. 

The relationship between the density of horseshoe crabs 

and dissolved oxygen (DO) parameter has an R value of 0.57, 

which is classified as having a strong correlation and an R2 

value of 0.33, which means that the DO value has an effect on 

the horseshoe crab population of 33% (Figure 4). The better 

the DO levels in the waters, the higher the population of 

horseshoe crabs, meaning that if DO level decreases, the 

population of horseshoe crabs will also decrease [23]. 
The relationship between the population density of 

horseshoe crabs and the ammonia parameter has an R-value 

of 0.28, which is classified as a moderate correlation, and an 

R2 value of 0.081, which means that the ammonia value has 

an effect on the horseshoe crab population of 8.1%. Sedati 

waters have an average concentration of ammonia for each 
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zone which is still in accordance with the standard threshold 

stated in the Decree of the State Minister of the Environment 

No.51 of 2004, which is less than 0.3 mg / L. The population 

density in B zone is relatively large because the horseshoe 

crabs are still tolerant of the existing range of ammonia 

concentrations, but according to Velayudham et al. [11], 

Zhang et al. [9], and Xie et al. [21] that an increase in 

ammonia value can cause a decrease in the organisms' 

immune system and create stress that threatens the organisms’ 

survival. 

The relationship between the population density of 
horseshoe crabs and the carbon parameter has an R-value of 

0.31, which is classified as a moderate correlation, and an R2 

value of 0.096, which means that the carbon value has an 

effect on the horseshoe crab population of 9.6%. Based on the 

study results, the high or low value of carbon does not directly 

affect the horseshoe crab population because the carbon 

element plays a greater role in phytoplankton biomass [24], 

[25]. 

The relationship between horseshoe crab density and 

nitrogen parameter has an R-value of 0.001, classified as 

having no correlation and an R2 value of 0, which means that 
the nitrogen value does not affect the horseshoe crab 

population because the percentage is 0% (Figure 5). Nitrogen 

content on horseshoe crab density is classified as not correlate 

because nitrogen is used more by the biota of the Polychaeta 

class, not by the Arthropod class. According to Sari et al. [26], 

nitrogen in the waters is mostly used as a food source for 

Polychaeta class biota and other benthos. Futuyma [12] also 

states that horseshoe crabs can eat soft invertebrates found at 

the bottom water. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 5 Linear regression graph of the relationship between horseshoe crab 

population density and environmental factors, a. nitrogen; b. phosphor;  

c. plankton; and d. benthos 

 

The relationship between the population density of 
horseshoe crabs and the phosphate parameter has an R-value 

of 0.04, which is classified as having no correlation and an R2 

value of 0.002, which means that the phosphate value has an 

effect on the horseshoe crab population of 0.2% (Figure 5). 

The phosphate presence does not directly affect the horseshoe 

crab population because algae more widely use phosphate as 

an essential element in the waters [26]. Fertile waters can 

support an increase in the population of an organism, one of 

which is a horseshoe crab. In fact, the role of phosphate in 

waters is an element that is essential for the growth and 

survival of organisms[22]. 
The relationship between the population density of 

horseshoe crabs and biological parameters, including 

plankton density, has an R-value of 0.05, which is classified 

as not correlate, and R2 of 0.002, which means that the 

plankton density value affects the horseshoe crab population 

of 0.2% (Figure 5). The relationship between the population 

density of horseshoe crabs and plankton density shows no 

correlation because basically, the plankton in the waters plays 

a role as a determinant of the fertility of the water quality. 

According to Sari et al. [27], the presence of plankton has a 

very important role in waters, and it can be used to identify 

the fertility of waters. 
The relationship between the population density of 

horseshoe crabs and benthos density has an R-value of 0.044, 

which is classified as having no correlation, and R2 of 0.002, 
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which means that the benthos density value has an effect on 

the horseshoe crab population of 0.2% (Figure 6). The density 

population of horseshoe crabs and the density of benthos are 

classified as not correlated because benthos and horseshoe 

crabs act as detritus in the food chain in the waters. According 

to Kusumawati and Huang [28], detritus acts as a 

decomposition, making it easier to decompose organic matter 

into inorganic matter, which is a nutrient for producers in the 

waters. 

The relationship between the population density of 

horseshoe crabs and macrofauna density has an R-value of 
0.055, which is classified as not correlate, and R2 of 0.002, 

which means that the macrofauna density value affects the 

horseshoe crab population of 0.2% (Figure 6). The correlation 

of horseshoe crab density with macrofauna density does not 

significantly affect the macrofauna found in Sedati waters is 

a type of fish. 

 
Fig. 6 Linear regression graph of the relationship between the population 

density of horseshoe crabs and an environmental factor, macrofauna 

A. Physical and Chemical Parameters 

A physical parameter in the form of the current value in the 
A zone in October was 0 cm/s, while the B zone was greater, 

namely 0.53 cm/s. The high value of currents in the B zone 

can be due to its location on the open sea, yet Sedati waters 

can still be categorized as calm waters. According to Arbi et 

al. [25], the difference in currents every month is influenced 

by the position of the waters, current patterns, water mass, 

tides, and wind movements. 

The temperature obtained during the observation in 

October in A zone was 29˚C, and in the B zone, it was 29.8 C. 

Fluctuations in the water temperature are influenced by 

several factors, including solar radiation, geographical 
location of waters, current circulation, ocean depth, wind, and 

season. Meanwhile, the transparency value obtained during 

research in Sedati waters in A zone in October was 26.7 cm, 

while the B zone had the highest value at 43.3 cm. The 

observation results on transparency in Sedati waters show 

relatively different values. The relatively low transparency of 

Sedati waters can be caused by substrates/mud at the bottom 

water. According to Wang and Zhang [29], turbidity can 

describe the lack of transparency in waters caused by colloidal 

and suspended materials such as mud, organic and inorganic 

materials, and aquatic microorganisms. 

Salinity in A zone had a value of 36.7 ppt, and in B zone, 
the salinity level in October had the highest value of 35.3 ppt. 

In October, the high salinity level in Sedati waters is due to 

the relatively low rainfall, so there is not much fresh water 

that is carried from the river to the sea. Fluctuating salinity 

levels are influenced by several factors such as water 

circulation patterns, evaporation, rainfall, and river flow [30]. 

The pH values obtained during observations in A zone and 

B were relatively the same. In October, the pH condition was 

more suitable in the B zone as a habitat for horseshoe crabs. 

This is indicated by the value of horseshoe crab density which 

was higher than the value in A zone. According to Sutomo 

[31], the ideal pH value of marine waters for organisms is 
between 7 - 8.5. Changes in pH above normal will increase 

ammonia, which is toxic to aquatic organisms [32]. 

The DO level obtained during observation in A zone in 

October was 5.1 mg / L, while in B zone, the DO level had 

the highest value of 5.4 mg / L. Dissolved oxygen is an 

environmental factor that is very important in waters, 

especially in the respiration process of most aquatic 

organisms. According to Wang and Zhang [29], oxygen levels 

in the waters are greatly influenced by the increase in organic 

materials that enter the waters. 

The ammonia level obtained during the observation in 
October in the A zone was 0.2 mg/L. In comparison, the 

ammonia level in zone B was 0.39 mg/L. Based on the 

ammonia quality standard for marine biota stated in the 

Decree of the State Minister for the Environment No.51 of 

2004. In October and November, the ammonia level is still 

under the threshold standard. The level is less than 0.3 mg/L, 

leading to a relatively high population of horseshoe crabs in 

those two months. 

B. Sediments at the Bottom Water 

The sediment composition in Sedati waters consists of 

three types of substrates, namely gravel, sand, and mud. The 

value of the mud substrate content was the highest of the value 

of other types of substrates of 86.47% in the A zone and of 

81.59% in the B zone. The high composition of the mud 

substrate is due to the sediment material's size distribution, 

which is influenced by several factors such as distance from 

the coastline, distance from rivers, material sources, 

topography, and sediment transport mechanisms [33].  

In October, the carbon content in zone A was 1.31%, while 

the highest density of horseshoe crabs was found in zone B in 
October, with a carbon content of 1.21%. The difference in 

nitrogen content in the waters can be due to a high number of 

primary sources of organic matter, which can come from 

organic tissues such as fallen leaves and organisms associated 

with plants and degraded in sediments. According to Yuan et 

al. [14] and Arbi et al. [25], the carbon element is used by 

aquatic organisms in the food chain cycle of marine 

ecosystems as a source of nutrition. Low carbon levels are 

caused by a high sedimentation process and its utilization by 

aquatic organisms [33]. 

In October, the nitrogen content in zone A was 3.11%, 
while the highest horseshoe crab density was in Zone B, with 

a nitrogen content of 3.01%. According to Arbi et al. [25], 

nitrogen levels can determine the level of water fertility. The 

level of nitrogen content in oligotrophic waters is 0-1 mg/L, 

in mesotrophic waters is 1-5 mg/L, and in eutrophic waters is 

5 - 50 mg / L. Nitrogen in the waters is in the form of nitrate 

(NO3), nitrite (NO2), and ammonia (NH4). The nitrogen is 
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then absorbed by aquatic biota for further use, and this causes 

the nitrogen to have been broken down first so that only a 

small amount is deposited [34]. 

The phosphate content in the A zone in October was 

0.033%, while the highest crop density was in the B zone in 

October, with the highest phosphate content at 0.026%. This 

phosphate level still belongs to the category of fertile waters 

and is suitable for marine life. According to Imchen et al. [23], 

the standard quality of phosphate concentration suitable for 

marine life is 0.015%, so Sedati waters are classified as fertile 

waters. Phosphate levels tend to increase when rainfall 
decreases and vice versa [35]–[37] 

IV. CONCLUSION 

The results show that the average density of horseshoe 

crabs in October was 0.08 ind/ m2, in November was 0.05 

ind/m2, and in December was 0.05 ind/m2. The correlation 

between the horseshoe crabs and the highest water quality 

parameters is noted in a current of 58%, transparency of 37%, 
and DO of 33%. Based on the results of this study, the 

environmental conditions in Sedati waters are supported by 

several water quality parameters which are categorized as 

acceptable, while the organic matter is included in the 

category that does not exceed the safe threshold. In addition, 

the sediment conditions at the bottom water are mostly 

dominated by mud content. Moreover, based on the results of 

correlation-regression, the environmental factors have a 

strong correlation on the horseshoe population in Sedati 

waters, including transparency, currents, and DO, while 

parameters of pH, ammonia, carbon, and microfauna have a 
quite influential effect on the population of horseshoe crabs. 
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